Experimental

Synthesis
All chemicals and solvents are of reagent grade unless otherwise indicated. Tetrahydrofuran was purified with a Glass Contour solvent purification system.
5,5'-Bis(trimethylstannyl)-2,2'-bithiophene, S1 were synthesized according to the literatures and repeatedly recrystallized prior to use. 4-decylhexadecan-1-ol (4DH-OH), S2 4-decyl-1-hexadecanyl bromide (4DH-Br), S2 TTD2TBr2s, S3 and QABr2s S4 were synthesized according to the literature.
Polymerization was carried out with a microwave reactor, Biotage Initiator. NMR spectra were obtained in deuterated chloroform (CDCl 3 ) with a JEOL RESONACE JNM-ECS400 spectrometer operating at 400 MHz for 1 H or 100 MHz for 13 C with tetramethylsilane (TMS) as an internal reference. NMR spectra of the polymers were obtained in deuterated o-dichlorobenzene (DCB-d 4 )
at 120 °C. Chemical shifts (δ) are reported in parts per million (ppm) relative to the singlet at 0.00 ppm of TMS or the lower magnetic field singlet at 7.20 ppm of DCB-d 4 for 1 H and the center line of a triplet at 77.0 ppm of CDCl 3 for 13 C. High-resolution mass spectrometry was carried out with WARERS Synapt G2. Molecular weights of the polymers were determined by gel permeation chromatography (GPC) with TOSOH HLC-8121GPC/HT at 140 °C using o-dichlorobenzene (DCB) as the solvent and calibrated with polystyrene standards. Prior to the measurements, sample solutions of the polymers (~0.6 gL −1 in DCB at 140 °C) were passed through a membrane filter (pore size: 0.5 µm).
3-Decylpentadecan-1-ol (3DP-OH)
To a freshly prepared Grignard solution of 2-decyltetradecane-1-magnesium bromide 2 (0.264 M in THF) (500 mL, 132 mmol) at −40 °C was added formaldehyde gas generated by heating paraformaldehyde (7.5 g) and flowing with nitrogen gas over 4 h. After gradually warmed to room temperature over 3 h, the reaction mixture was quenched with 1M HCl aqueous solution, extracted with hexane, washed with water, and dried over magnesium sulfate. The crude product was purified by silica gel chromatography (eluent: pure hexane to hexane/dichloromethane = 1/1) to give 3DP-OH as a colorless liquid (41.68 g, 113 mmol, yield = 87% vs Grignard reagent). 63.59, 37.20, 33.56, 31.92, 30.12, 29.96, 29.71, 29.65, 29.52, 29.36, 26.64, 22.69, 14.12 391.3918.
5-Decylheptadecan-1-ol (5DH-OH)
To a solution of copper(I) iodide (1.14 g, 6.0 mmol) and oxetane (5.0 mL, 77.5 mmol) in THF 63.15, 37.37, 33.58, 33.48, 33.28, 31.93, 30.15, 29.71, 29.66, 29.37, 26.69, 22.86, 22.69, 14.13 
3-Decyl-1-pentadecyl bromide (3DP-Br)
To a solution of triphenylphosphine (3.93 g, 15.0 mmol) in dichloromethane (20 mL) at 0 °C, bromine (2.40 g, 15.0 mmol) was added dropwise, and then a solution of 3DP-OH (4.02 g, 10.9 mmol) in dichloromethane (7 mL) was added dropwise. After the reaction mixture was stirred for 24 h at room temperature, the solvent was evaporated. 
3,6-Bis(5-bromo-4-(3-decylpentadecyl)thiophen-2-yl)thieno[3,2-b]thiophene-2,5-dione (TTD2TBr2-3DP)
TTD2TBr2-3DP was synthesized according to the reported procedure, S3 and was obtained as a dark purple solid. 146.52, 144.10, 131.40, 131.04, 125.73, 117.12, 37.01, 33.43, 33.35, 31.94, 30.09, 29.73, 29.69, 29.38, 26.78, 26.60, 22.71, 14.15 
3,6-Bis(5-bromo-4-(5-decylheptadecyl)thiophen-2-yl)thieno[3,2-b]thiophene-2,5-dione (TTD2TBr2-5DH)
TTD2TBr2-5DH was synthesized according to the reported procedure, S3 and was obtained as a dark purple solid. 1 H NMR (CDCl 3 , 400 MHz): δ (ppm) 7.38 (s, 2H), 2.59 (t, 4H, J = 7.4 Hz), 1.58
(m, 4H), 1.25 (m, 90H), 0.88 (t, 12H, J = 6.8 Hz). 13 C NMR (CDCl 3 , 100 MHz): δ (ppm) 186. 84, 146.55, 143.79, 131.36, 131.11, 125.76, 117.24, 37.29, 33.62, 33.35, 31.93, 30.16, 29.99, 29.74, 29.68, 29.42, 29.38, 26.69, 22.70, 14.14 2, quino [2, QABr2-3DP was synthesized according to the reported procedure, S4 and was obtained as a red 
2,9-Dibromo-N,N-di(4-decylhexadecyl)quino[2,3-b]-acridine-7,14-dione (QABr2-4DH)
QABr2-4DH was synthesized according to the reported procedure, S4 and was obtained as a red 41, 140.61, 137.14, 135.20, 130.12, 125.86, 121.89, 116.65, 114.02, 113.62, 46.65, 37.24, 33.46, 31.91, 30.73, 30.10, 29.70, 29.65, 29.36, 26.62, 24.17, 22.68, 14.12 2, quino [2, QABr2-5DH was synthesized according to the reported procedure, S4 and was obtained as a red 47, 140.62, 137.19, 135.22, 130.09, 125.85, 121.86, 116.69, 114.05, 113.62, 46.43, 37.48, 33.60, 31.93, 30.17, 29.75, 29.68, 29.38, 27.41, 26.75, 24.26, 22.69, 14.12 General procedure for polymerization.
To a reaction vessel, TTD2TBr2 or QABr2 (1 eq), 5,5'-bis(trimethylstannyl)-2,2'-bithiophene
(1 eq), tetrakis(triphenylphosphine)palladium(0) (2 mol%), and toluene (concentration of monomers: 20 mM) were added. The reaction vessel was purged with argon, and then sealed, which was heated at 180 °C for 1 h in a microwave reactor. After cooling to room temperature, the reaction mixture was poured into methanol containing HClaq, and the resulting suspension was stirred for 5 h. The precipitate was collected by filtration and subjected to sequential Soxhlet extraction with methanol, hexane, chloroform, and chlorobenzene (CB), and DCB if necessary. The extracted solution was concentrated and poured into methanol. The precipitated polymer was collected by filtration and dried in vacuo.
PTTD4T-3DP
PTTD4T-3DP was obtained as a dark green solid (35 mg, yield = 84% 
PTTD4T-5DH
PTTD4T-5DH was obtained as a dark green solid (30 mg, yield = 79% 
PQA2T-2DT
PQA2T-2DT was obtained as a red solid (61 mg, yield = 71% 
PQA2T-3DP
PQA2T-3DP was obtained as a red solid (42 mg, yield = 47% 
PQA2T-4DH
PQA2T-4DH was obtained as a red solid (56 mg, yield = 62% 
PQA2T-5DH
PQA2T-5DH was obtained as a red solid (81 mg, yield = 66% 
Instrumentation
UV-vis-NIR absorption spectra were recorded on a Shimadzu UV-3600 spectrometer. Cyclic voltammograms were recorded on a ALS Electrochemical Analyzer Model 612D with the three electrode system consisting of a platinum disc working electrode (φ = 3 mm), a platinum wire counter electrode, and an Ag/AgCl reference electrode in a benzonitrile solution containing tetrabutylammonium hexafluorophosphate (0.1 M) at a scan rate of 100 mVs −1 . Polymer thin films were cast from DCB solutions on the working electrode. All the potentials were calibrated with the half-wave potential of the ferrocene/ferrocenium redox couple measured under the identical conditions. Differential scanning calorimetry (DSC) analysis was carried out with an EXSTAR DSC7020 (SII Nanotechnology, Inc.) at a cooling and heating rate of 10 °C min −1 . 2D GIXD experiments were conducted at SPring-8 on beamline BL46XU. The samples were irradiated with an X-ray energy of 12.39 keV (λ = 1 Å) at a fixed incident angle of 0.12 ° through a Huber diffractometer, and the GIXD patterns were recorded on a 2D image detector (Pilatus 300K).
Polymer thin films for the X-ray measurements were prepared under the same condition used for the OFET fabrication. Photoemission yield spectra were taken with a photoemission yield spectrometer, model AC-2, in air (Riken Keiki, Tokyo, Japan) using polymer thin films spun on the indium-tin-oxide coated glass substrates. Dynamic force-mode atomic force microscopic images of the polymer thin films in the OFET devices were obtained with Nanocute scanning probe microscope system (SII Nanotechnology, Inc.) by using a canti-lever, SI-DF20 (Seiko Instruments Inc.).
OFET devices were fabricated in a bottom-gate-top-contact configuration on a heavily doped n + -Si(100) wafer with 200-nm-thickness thermally grown SiO 2 (C i = 17.3 nFcm −2 ). The Si/SiO 2 substrates were ultrasonicated with water for three min thrice, and acetone and isopropanol for 10 min, respectively, and rinsed in boiled isopropanol for 10 min, and then were subjected to UV-ozone treatment for 30 min. Onto the cleaned substrate, a solution of octadecyltriethoxysilane (ODTS) in trichloroethylene (3 mM) was spin-coated at a spin-rate of 3000 rpm for 15 sec, which was followed by hydrolysis in a closed container in the presence of ammonia hydroxide solution for 24 h. The substrates were rinsed with water and boiling isopropanol, affording self-assembled monolayer of ODTS on the SiO 2 surface. In a glove box under nitrogen atmosphere, polymer thin films were spin-coated from hot 1,2,4-trichlorobenzene solutions (5 gL −1 ) at a spin-rate of 3000 rpm for 80 sec. The polymer films were then annealed at 300 °C for 30 min. On top of the polymer thin films, gold drain and source contact electrodes (thickness: 80 nm) with the channel length and width of 40 µm and 1500 µm, respectively, were deposited in vacuum through shadow masks.
Current-voltage characteristics of the OFET devices were measured at room temperature under ambient conditions with a Keithley 4200-SCS semiconductor parameter analyzer. Threshold voltages of the devices were estimated from the transfer curves by extrapolating the square root of the drain current to the horizontal axis. Hole and electron field-effect mobilities were extracted from the square root of the drain current in the saturation regime (V g = −60 V for p-channel operation and +60 V for n-channel operation) by using the following equation,
where, L and W are channel length and width, respectively, and Ci is capacitance of the gate insulator. The average hole and electron mobilities and threshold voltages were obtained over more than eight devices. Figure S1 . GPC curves of the polymers. Figure S2 . DSC curves of PTTD4Ts (a-d) and PQA2Ts (e-h).
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Retention time ( Figure S3 . Photoemission yield spectra of PTTD4T (a) and PQA2T (b) thin films. Figure S4 . UV-Vis-NIR absorption spectra of as-spun thin films of PTTD4Ts (a) and PQA2Ts (b). Insets show the magnifications of the spectra at their absorption maxima. 
